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based on imaging. There are, however, imaging features 
that can typically be distinguished between the adult 
and pediatric patients. For instance, ependymomas in 
the adult population are typically larger than 4 cm in 
size when they present and often contain cystic com-
ponents, whereas ependymomas in the pediatric pop-
ulation are usually solid and usually smaller in size at 
presentation [4].

Radiographic features of intracranial ependymomas 
are summarized in Table 1.

The types of ependymomas to be discussed in this 
article include intracranial ependymomas (infra and su-
pratentorial) and spinal (myxopapillary ependymoma).

Intracranial ependymoma

Intracranial ependymomas are more commonly 
WHO Grade II and occur in both children and adults. 
Infratentorial ependymomas most often arise in chil-
dren as posterior fossa tumors, [4] whereas supraten-
torial ependymomas are typically seen in younger to 
middle age adults [5].

CT and MRI characteristics
There are similar computed tomography (CT) and 

magnetic resonance imaging (MRI) imaging char-
acteristics in both infratentorial and supratentorial 
ependymomas [4]. Although CT or MRI can be used to 
evaluate intracranial and spinal ependymomas, MRI 
is preferred because of its enhanced contrast reso-
lution and the ability to better define the extent of 
tumor. However, CT can be useful in the evaluation of 
subtle calcifications which can present in up to 50% 

Abstract
Ependymomas are glial tumors that typically arise from the 
lining of the ventricles or the central canal of the spinal cord. 
The most common site of occurrence is within the poste-
rior fossa. Subtypes of ependymomas include anaplastic 
ependymoma, myxopapillary ependymoma, and subepend-
ymoma. Its characteristic imaging features include findings 
of a heterogeneous mass with necrosis, calcifications, cyst-
ic changes, and hemorrhage. Treatment options includes 
partial resection with or without irradiation.
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Introduction
Ependymomas are rare glial tumors that account 

for approximately 7% of all intracranial neoplasms in 
adults [1]. Pediatric ependymomas are the 3rd most 
common brain tumor in children. More than half of 
cases occur in children under the age of five [2].

They are most commonly found within the pos-
terior fossa (60%), followed by the supratentorial 
region (30%) and spinal canal (10%) [3]. The World 
Health Organization (WHO) classification system of 
ependymomas ranges from WHO Grade I-III depend-
ing on the location and histologic appearance [1]. 
Recent data supports the concept that supratentorial 
ependymomas have a different clinical and radiologic 
presentation than their infratentorial counterparts. 
The clinical and radiologic presentation is useful in 
narrowing the differential diagnosis of these brain 
tumors.

Although there have been further advancements in 
understanding the biomechanics and genomics of this 
entity, to date, there are no distinguished radiographic 
findings that can determine the specific subtype solely 
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Figure 1: CT of intracranial infratentorial Ependymoma.
Non contrast CT Head a) Sagittal view; b) Axial view.
3-year-old with truncal ataxia. Non contrast CT head demonstrates a large isodense posterior fossa mass originating from 
the fourth ventricle and resulting in severe hydrocephalus with transependymal CSF absorption. A punctate calcification is 
present in the superior portion of the mass.

jacent areas of little to no enhancement. In the pos-
terior fossa, ependymomas typically arise in the floor 
of the fourth ventricle and the pliable nature of these 
tumors can result in extension of the lesion from the 
fourth ventricle through the foramen of Luschka or 
foramen of Magendie [6] (Figure 1 and Figure 2). See 
Table 3.

Anaplastic ependymoma

Anaplastic ependymoma is a WHO Grade III intra-

of lesions [1]. CT findings of ependymoma include 
hyperdense soft tissue components, calcifications, 
and hemorrhage [6]. The tumor typically enhances on 
post-contrast imaging (Table 2).

The MRI features of ependymomas include low T1, 
high T2, and iso- to high fluid-attenuated inversion re-
covery (FLAIR) signal intensity due to their increased 
myxoid component [7]. Ependymomas are hetero-
geneously enhancing masses that demonstrate avid 
enhancement of the soft tissue components with ad-

Table 1: Adult versus Pediatric intracranial ependymoma [16].

 Adults  Pediatrics
Age Middle age adults Children less than 5 years

Size > 4 cm < 4 cm

Location Supratentorial Infratentorial

Imaging features Cystic component Solid component, Necrosis, Valcification

Typical findings in both the adult and pediatric population.

CT features Iso to slightly hypoattenuating, +Enhancement on post-contrast images

MRI features T1 Isointense, T2 Hypointense
+Enhancement on Post-contrast images
Hypointense T1/T2 Foci-hemosiderin, Calcifications, or Necrosis

Based on a retrospective study of CT and MRI characteristics of 41 cases [17].

Table 2: CT Imaging findings of Intracranial ependymoma [17].

Solid components, large peripheral cystic component, 3-10 cm in size, Intraparenchymal supratentorial ependymoma was 
found mostly in left frontal and parietal lobes (18% and 37% respectively).

Solid component-lobulated, well defined margins, mostly ISODENSE to brain parenchyma.

Table 3: MR Imaging findings of Intracranial ependymoma [16].

Heterogeneous in signal intensity, majority isointense on T1 and hypointense on T2, moderate to intense enhancement on 
post-contrast imaging.

Areas of diffusion restriction likely correspond to increased cellularity.
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The clinical manifestations of anaplastic ependymo-
ma are similar to findings that can be seen with WHO 
Grade II ependymoma and relate to increased intracra-
nial pressure. Anaplastic ependymomas may be infiltra-
tive within the brain or spinal cord and usually portend 
a poorer prognosis [8].

Spinal ependymoma
Although rare, ependymomas may arise in the spine. 

They typically present in adults with a mean age of 
39 years and are more common in males [2]. The only 
known genetic disorder to be associated with intramed-
ullary ependymoma is neurofibromatosis type 2 [6].

Spinal ependymomas have a central location with-
in the cord, well defined margins, and can be associ-
ated with syringohydromyelia [11]. See Table 4. Spinal 
ependymomas are usually located within the central 
cord and have poorly delineated margins. If not com-
pletely excised, it results in a poorer prognosis. CSF 
dissemination is common in this entity, which further 

cranial tumor (typically supratentorial) that is more 
aggressive with a higher proliferative rate and a greater 
tendency for infiltration and dissemination into the 
cerebrospinal fluid [8]. It is a rare tumor and its crite-
ria for histopathologic grading is not well established, 
however includes marked hypercellularity, nuclear 
atypia, and increased mitotic activity.

Imaging characteristics include a heterogeneous in-
traparenchymal mass with both cystic and solid compo-
nents. There is heterogeneous enhancement on both 
CT and MRI [9]. Calcifications can be seen on CT within 
both the solid and cystic regions of the mass.

MRI features include a heterogeneous appearance 
on both T1/T2 weighted imaging related to foci of hem-
orrhage, necrosis, calcification, and increased vascu-
larity [10]. The tumor may demonstrate high signal on 
diffusion weighted images (DWI) with associated low 
signal on apparent diffusion coefficient (ADC) maps due 
to the increased cellularity of the tumor (Figure 3).

 

Figure 2: MRI of intracranial infratentorial Ependymoma (same patient as in Figure 1).
MRI Brain a) Axial T1 post-contrast; b) Axial T2 FSE; c) Sagittal T1 with contrast; d) Axial ADC map.
A large mass predominantly filling and expanding the fourth ventricle with extension of the lesion through the foramen of 
Luschka and Magendie. The lesion was low to isointense on T1 and hyperintense on T2 weighted images. There was no 
restricted diffusion.
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of the spinal canal due to their intramedullary loca-
tion [2]. There may be associated vertebral body scal-
loping, pedicle erosion, or laminar thinning [11].

Advanced imaging
When advanced imaging is available, such as perfu-

sion MRI, imaging findings may demonstrate elevated 
cerebral blood volume within the tumor. Proton MR 
spectroscopy may reveal elevated choline and reduced 
N-acetylaspartate [7]. Diffusion tensor imaging (DTI) or 
tractography is a noninvasive method to estimate the 
direction and integrity of white matter tracts and has 
been used in evaluating spinal ependymoma. DTI has 
been used as an adjunct to conventional imaging to de-
termine the location of tumor margins and degree of 
deflection of white matter tracts [12]. Astrocytomas are 
typically infiltrative and tend to disrupt the white mat-
ter tracts, whereas ependymomas tend to displace the 
white matter tracts [12].

portends a poor prognostic factor. The differential diag-
nosis for spinal ependymoma is astrocytoma. Ependy-
momas are more likely to be located centrally within 
the cord and have sharper margins of the tumor when 
compared to astrocytomas [7].

They are iso- to hypointense on T1 weighted im-
ages and hyperintense on T2 weighted imaging. A 
cap sign, referring to low T2 signal intensity along 
the margins of the tumor, may be seen with spinal 
ependymomas and relates to hemosiderin deposition 
above or below the tumor from chronic hemorrhage 
of the lesion [9]. There can be considerable edema 
surrounding the tumor, best seen on the T2 weight-
ed images. On diffusion weighted images, there is 
reduced diffusion, which relates to the tissue compo-
sition of ependymomas and their high cellularity [6] 
(Figure 4).

Ependymomas within the spine cause expansion 

 

Figure 3: Anaplastic ependymoma.
MRI Brain a) Axial gradient recalled echo; b) Axial ADC map; c) Axial T1 pre contrast; d) Axial T2-Flair; e) Axial T1 post-con-
trast.
35-year-old left handed man presented with 6 months of progressive right thumb and facial numbness. MRI brain reveals 
a lobular and avidly enhancing left parietal mass centered in the left post central gyrus, with slight mass effect on the pre 
central gyrus. There were foci of susceptibility and diffusion restriction within the mass. 

Table 4: Spinal ependymoma [18].

Subtypes: Cellular, Clear cell, Papillary, Tancytic ependymoma

Neuroimaging findings Well circumscribed, variable enhancement, may have cystic components, hemorrhage, 
calcification.

Prognosis Poor prognosis due to CSF dissemination.
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Figure 5: Myxopapillary ependymoma.
MRI Lumbar spine a) Sagittal T1; b) Sagittal T2 FSE; c) Sagittal T1 post-contrast; d) Axial T1; e) Axial T2 FSE; f) Axial T1 
post-contrast.
59-year-old woman, presents with increasing pain radiating down the right leg, some bladder hesitancy, but no weakness 
of lower extremities. MRI of the lumbar spine shows a 5 × 2 × 1.5 cm heterogeneously enhancing mass with cystic com-
ponents. The tumor was located in the filum terminale from L1 to L3. Surgical pathology was consistent with myxopapillary 
ependymoma.

 

Figure 4: Spinal ependymoma.
MRI Cervical Spine: a) Axial T1 post-contrast at the level of the upper cervical spine; b) Sagittal T1 post-contrast; c) Sagittal 
T2 FSE.
61-year-old male with history of bilateral vestibular schwanomas and a heterogeneously enhancing mass within the 
upper cervical cord centrally with surrounding edema. Constellation of findings is consistent with Neurofibromatosis 
type II and the spinal lesion is a presumed spinal ependymoma. 
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Myxopapillary ependymoma
Myxopapillary Ependymomas are WHO Grade I tu-

mors and a more indolent variant of ependymoma that 
arise from the ependymal glial cells of the filum termi-
nale [13] and predominately present in young males. 
They are the most common neoplasm found within the 
filum terminale [13]. Given their location within the spi-
nal canal, lower back pain and/or weakness are com-
mon symptoms.

Myxopapillary ependymomas are typically lobular, 
often encapsulated, and contain gelatinous material 
[13]. They may have cyst formation and hemorrhage 
[13]. These typically occur in the extradural space, 

[2] compared to the intramedullary location of oth-
er spinal ependymomas. These lesions are best char-
acterized on MRI imaging and are usually isointense 
relative to the spinal cord on T1 weighted images and 
hyperintense on T2 weighted images [14]. If there is 
hyperintensity within the lesion on both T1 and T2 
weighted images, it likely reflects its mucin or hem-
orrhagic content. Myxopapillary ependymomas en-
hance after the administration of intravenous gado-
linium. The location of these tumors within the conus 
medullaris suggests this diagnosis [15] (Figure 5).

Discussion
Ependymomas are a group of glial tumors that arise 

from the lining of the ventricles of the brain or the cen-
tral canal. Ependymomas can occur at any age. 40% of 
ependymomas are supratentorial while 60% are infra-
tentorial in location.

Radiologic imaging plays a role in both the diagnos-
tic workup and treatment of patients with ependy-
moma. MRI is the preferred imaging modality due to 
lack of ionizing radiation, particularly when imaging 
the pediatric population. Additionally, MRI allows for 
better delineation of the tumor. Some lesions demon-
strates areas of necrosis and calcifications.

Although there has been an improved understand-
ing of varying subtypes of the ependymomas based on 
molecular biochemistry, there are no distinct imaging 
characteristics to date that has shown to be able to de-
fine such subtypes.

Conclusion
In conclusion, although rare, ependymomas can 

present in a variety of appearances and locations, some 
of which are classic such as a pliable 4th ventricular tu-
mor in a pediatric patient or an enhancing mass of the 
filum terminale in an adult. Knowing the classic appear-
ance of the various types of ependymomas will help 
guide clinical management.
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